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[PLATE I.] 
EARLY in 1896 the writer was engaged in the study of pollen 
development and, in ordcr to supply himself with materials, 
broke off a number of young staminate shoots from a specimeii 
of Rmspoiihrosn, the Bull Pine or Yellow Pine of thc West. 
An examination of the same tree in the autumn discovered that 
the pruning of these large, rapidly growing shoots had resulted 
in the growth of one to three lateral shoots, a little distance be- 
low the break. These lateral shoots which were developed from 
the axils of scales on the upper portion of the shoot of the prc- 
vious year were sterile, but differed in a remarkable degree from 
the normal foliage shoots. In the latter the leaves are borne in 
groups of threes (fascicles) upon very short branches which 
spring from the axils of small triangular scales which are to be 
regarded as reduced leaves. In the shoots induced by pruning, 
however, these scales have been greatly developed, so much so, 
indeed, as to have become leaves, both in structure and function, 
while the fascicles, so called, were in most cases not developed 
at all. When they were developed, however, thcre was pro- 
duced the phenomenon of a twig with foliage leaves of two dis- 
tinct kinds. The same operation was carricd on in the spring 
of the following year (1897) which resulted similarly. In one 
case, however, a staminate shoot was produced. 
It has been commonly observed, and was pointed out by 
Masters ’ in 1880, that upon the Juniper, cspecially upon young 
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specimens, there are found two kinds of leaves. Masters called 
these two kinds the juvenile and adult forms, and suggested that 
the former, which are much the longer and sharply pointed, 
represent an ancestral condition. In this way, also, he com- 
pared Rchiospora to an immature stage of Thrya inasmuch as 
plants of the former genus suddenly assume the foliage charac- 
teristics of the latter. I t  will be secn, however, that these two 
cases, Piirrrs and Jwiiprrirs are not quite parallel, for the ordi- 
nary foliage or secondary leaves of the former are produced 
upon the reduced twigs in groups or fascicles, in which the 
number of leaves is practically constant for a particular species, 
while this arrangement is not found in the junipers.. The struc- 
tures in Pilriis which should be compared directly with the leaves 
of Jiiiipcr~is are the primary leaves, and later the scales which 
subtend the fascicles. Dimorphism in the leaves of the seedlings 
of Riiris is a constant feature. The cotyledons are followed 
immediately by the primary leaves, so called by ~ngelmann,.,.! 
and’ it & only later that the fascicles are produced.’ The’sarne 
writer also drew attention to the fact that these primary leaves, 
or similar ones, are also found upon sprouts of certain species 
(P. iiiops, r ~ i i f f f ,  Caitarieiuis, etc.), and are frequently upon 
young shoots of Lark. The structure of the cotyledons, pri- 
mary and secondary leaves were studied comparatively by Da- 
guillon ’ in 1 8 9 .  He included in his studies five genera, A b i ~ 3  
P i c m ,  Piitits, IAT~X, and Ccdrris, and showed that the ontoge- 
netic series of leaves from the cotyledons to the adult, present 
a series of gradations, gradual in Ahits, but more pronounced 
in Pi~ i t is .  Of the species of Piiiiis, Daguillon studied four 
( P. sirobiis, piiim, iiiwiiiim and sjhstris). 
The primordial leaves which are produced in the seedling on 
the stem above the cotyledons are in all cases elliptic in trans- 
verse section, and have two resin ducts in contact with, or very 
near the lower epidermis. In P. iiiwifiiiiu, they are very near 
the lateral angles. The supporting tissues are less strongly de- 
veloped and the vascular bundle is single. In one species only 
Eiigelmnn, “Revision of thc genus Pimr,” Trans. St. I,. Acnd. IV, 1880. 
1‘ ‘  Kecherches wr les fuilles dec Coniferes.” Rev. Gen. d. Ibt. I1 : 154. r 8 p  
HI‘PERTROPED LEA 1‘ES 41 
of those stiidied is the vascular bundle single in the adult leaf, 
P. slrobns, while in the others, the bundles, which are two, arc 
widely separated. . 
It  appears that the structures of the primary leaves produced 
upon shoots, already mentioned, has not been studied, but it 
has been assumed to be the same as that of the true primary 
(primordial of Daguillon) leaves of the seedling. 
There can be no doubt that the bud scales, and the scalcs 
which subtcnd the fascicles of fibs are reduced leaves. In 
view of this fact it is of peculiar intcrest that we are able to 
cause their return to the foliage condition, in that w e  havc 
clearly a case of atavism. Furthermore, the structure of an 
hypertrophied scale-leaf, if we are right in regarding this as n 
case of atavism, ought to furnish some clue as to the phylo- 
geny of the genus. It is assumed in such an argument that 
leaf characters are to be depended upon as a guide, and of this, 
I believe, there can be little doubt, for it has been abundantly 
sliown that these characters are quitc constant. This is espe- 
cially true, I believe, as regards the position of the resin ducts 
concerning which Engelmann wrote that it is “so constant and 
seems to be so intimately connected with the essential character 
of the plant, that I venture to adopt it as one of the principal 
characters for the subdivision of the genus.” Let u s  turn to 
the consideration of the facts and see whether we may gather 
any conclusions from them. 
The staminate shoots have normally small, scarious scales, 
in the axils of which in the uppcr part of thc shoot, are pro- 
duced the staminate cones. If these shoots are cut OK, oi1e, 
two or perhaps three axillary buds on the upper end of ‘last 
year’s shoot will develop. So far I have been able to get IID more 
than three buds to develop. These buds, when developcd into 
shoots, have leaves which are narrowly triangular in outline, 
broader at the base, and tapering gradually from the base to the 
apex, and are of various lengths. The loI1gest leaf ~ b m ~ e d  
meaSLlreS 6 cm. From the ax& of some of these leaves ~ e r c  
developed ,normal fascicles. The transverse section shows them 
to be flattened above and ridged along the middle line below. 
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The margins are finely serrate, as is also a low ridge which runs 
along the. middle line on the upper surface. The surface is. 
markedly glaucous, and stomata are found on the upper surface 
arranged in ten longitudinal rows and on the lower surface in four 
rows, one row on each side of the two resin ducts. 
A transverse section shows that the epidermal layer, one cell 
in thickness, is underlaid by a layer of hypoderm, consisting of 
strengthening cells, which, as a rule, does not exceed one cell 
in thickness except at  the angle of the lower side where an in- 
complete second layer is found. The resin ducts are two and 
are in contact with the lower epidermis. 
The parenchyma is of cells of the infolded kind which is 
characteristic of the group. 
A fibro-vasal sheath is rather weakly developed enclosing two 
bundles, which are slightly separated, consist of the usual ele- 
ments and are surrounded by pitted vessels. The vascular 
bundles are weaker than in the normal leaves, and are closer 
together. The stomata are in nine to twelve rows on the upper, 
and in four rows on the lower surface, and the latter are so dis- 
posed as to be one on either side of the two resin ducts. 
The normal leaves are about 2 0  cm. long, and, springing as 
they do in threes from the fascicles, are in transverse section the 
shape of a sector of 120’. Such long, slender ‘ I  needles ” re- 
quire and possess much stiffening tissue which occurs as hypo- 
derm of several cells in thickness. The resin ducts, two in 
number, are here found deep in the parenchyma, opposite the 
lateral angles. The endodermic sheath is relatively larger and 
contains two strongly developed vascular bundles which are 
more widely separated than in the hypertrophied scales. 
Without and surrounding the bundles is a mass of tissues com- 
posed of pitted vessels. The stomata occur in twelve rows on 
the upper and in thirteen to fifteen rows on the>lower surface. 
It will be seen then that the abnormal leaves in question 
differ in the arrangement of tissues quite markedly from the 
normal. They approach, in fact, very closely to the early or 
primordial leaves in the species of Pimu described by Daguillon. 
These latter, howcver, are in their plan of structure very simi- 
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lar to the type of leaf seen in Pst~idotsttg~, and in many species 
. of Abics, and to this extent we would seem to be \varranted in 
saying that the Pines have been derived from a generalized 
form having a leaf and other characters midway between the 
firs and spruces. The nearest living representative of such a 
form is Pserdotsrrgn. As regards the strobile, while pendant 
and spruce-like in certain characters, especially when young, in 
its large scales it is fir-like. As regards the leaves, it is decidedly 
fir-like. 
There is another.value to be attached to this comparison be- 
tween abnormal leaf and true primary leaf Their close corre- 
spondence in structure supports Celakovsky’s view that abnor- 
malities in the Conifers are of very great value as a basis for 
morphological study. 
It has been said earlier in this paper that we have in these 
abnormal leaves a retrogression to ancestraI types. If this be 
so we should look for a condition in the more immediate an- 
cestral forms of the pines in which the primary leaves are nor- 
mal, and later, intermediate forms should show a gradual sub- 
stitution of fasciculated leaves for scattered ones. 
Now there have been found in the Jura of eastern Siberia 
certain forms which were described by Heer’ under the generic 
name of Lcptostroh.r. The description was originally based 
upon the cones only. Further material was afterwards obtained 
which showed the Ieaves to be pine-like and apparently fascicu- 
lated at the ends of the short twigs. The material was, how- 
ever, meagre, and nothing further was made out in regard to 
the arrangement of the leaves. 
Later Fontaine found in the Potomac of the Eastern United 
States forms evidently closely allied to Heer’s Leptostrobtts. 
These he describedl under LeptostroSris, taking the precaution, 
however, of extending the original description by the addition 
of the following remark bearing on the position of k v e s  
“leaves , . . scattered 011 the larger or principal stems and 
grouped in bundles on the ends of short twigs.” This was a 
As to general habit, it is spruce-like. 
1 Flor. Far. Arctica, V1 : 23. 
1 U. S. Geol. Survey, Monogr;ll Xi-. 
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very wise procedure, inasmuch as Heer’s material, judging 
from his plates, does not offer any evidence in regard to the 
body of the twigs, but only as regards the ends, and even as to 
this the material is meagre. In all probability more extended 
search would discover that Heer’s Lptosfroblrs possessed the 
two arnngements of leaves, scattered and fasciculated, since 
this is true of Fontaine’s forms’ described under this genus. 
It may be further remarked that with Leptosfrohs Fontaine 
found other fossils which referred to a new genus, h n c o p k .  
These in general are larch-like, but like Lcptosfrobiis, possess 
two kinds of lcaves-fasciculate and scattered. Fontaine draws 
attention to the fact that the young shoots of Lnrix occasionally 
produce the scattered or primarily leaves and compares them 
to the permanent scattered leaves in Lurkobsis, the probable an- 
cestral form from which the Larch has been derived. It is 
reasonably certain, therefore, that in Lepfosfrobrrs and Lnricopnk. 
me have closely allied forms which lived together and were the 
forerunners of the Pines on the one hand and the Larches on 
the other. 
AS to the causes which bring about the hypertrophy of the 
scale-leaves in Rttr(s poirdtrosa it may be said that the increase 
in nutrition plays no small part in the matter. Fuji? ascribes 
certain changes produced in the cones of a Japanese t3irw after 
pollarding to over nutrition. Those species of RIMS, already 
noted, which produce sprouts, do so from the stump after the 
tree has been cut down, and these sprouts, have dimorphic 
leaves. The same result can be produced in Pilrits poirdcrosn 
by cutting off the staminate shoots to which, normally, a large 
amount of food would pass. This food is diverted by pruning. 
It is, however, not enough to say this, for there must be some 
other factors at work. What they are we are not in a position 
iiow to say. 
SUMMART. 
Abnormal leaves are produced upon shoots induced by prun- 
ing the staminate shoots of A h s  potrdcrosn by the hyper- 
‘Fujii, K. Dot. Mag., Tokyo, IX,  275-271. 1895. 
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trophy of the scales. The latter are thus shown to be reduced 
leavcs. They are to be compared to similar structures found on 
shoots of certain other species of which pirrris n s d a  is an ex- 
ample. These species are those which readily produce sprouts 
from the stump. They may further be compared to the scat- 
tered leavcs occurring occasionally upon Lank 
The structure of these abnormal leaves is not identical with 
that of the true primary leaves-those produced on the seed- 
ling on the stcm immediately above the cotyledons. While not 
so primitive as these primary leavcs they may be compared more 
properly to the Psrtidotsrip type. 
The abnormal leavcs describcd are atavistic, and the twigs 
bearing them may be compared to a permanent condition such 
as obtained in tlic LPptostrobi of the Potomac, a condition which 
probably obtained also in those forms from the Jura of eastern 
Siberia described by Heer. Iaptostrobrrs may safely be regarded 
as in the ancestral line of the Pincs. Laricopsis probably stands 
in the same relation to L0ri.r. 
Little can bc said in regard to the causes beyond that over 
nutrition plays no small part in the change. This suggests, at 
least, that reduced nutrition may have been one of the more 
important causes resulting in the cvolution of the fasciculated 
condition in Pitrrrs and Iiwi.r. 
I wish here to acknowlcdge the kindness of Dr. Arthur 
Hollick in indicating to me literature bearing on the fossil 
conifers. 
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EXPLANATION OF LETTERS USED. 
e-Epidermis. h-Hypoden. 
r-Resin duct. tr-Tracheary tissue. 
r-Hypertrophied scales. 
z-Secondary leaves. 
Fig. I.  Transverse section of normal orsecondary leaf. (Sche- 
Fig. 2. Transverse section of hypertrophied scale. (Schematized). 
Fig. 3. A shoot bearing both abnormal and normal leaves. 
Figs. I and 2 are from camera lucida drawings. 
matized). .. .. 
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